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3.11  LESTER WATERSHED ADMINISTRATIVE UNIT

INTRODUCTION

The Lester WAU consists of an area that is 32,776 acres in size that is drained by the Green
River downstream of the confluence with Sunday Creek to the point of its confluence with Smay
Creek.  Approximately 39 percent of the land in the WAU is administered by the U.S. Forest
Service, 39 percent by Plum Creek Timber Company, 16 percent by the City of Tacoma, 5 per-
cent by the Weyerhauser Company and 1 percent by Burlington Northern.

For purposes of the Watershed Assessment (WSA), the Lester WAU was divided into twelve
subbasin.  The mainstem of the Green River and its smaller tributaries were divided into two
subbasins and the ten major tributary subbasins were also delineated.  The major tributary basins
were: Morgan Creek, Wolf Creek, Champion Creek, Rock Creek, Lester Creek, Sawmill Creek,
Friday Creek, Bald Creek, McCain Creek and Green Canyon Creek.  These subbasins will be
referred to throughout this chapter.

FIELD MEASUREMENTS AND OBSERVATIONS

In the Lester WAUs, stream surveys are conducted and completed during moderate to low flow
conditions during 1994 and 1995.  The sampled parameters were quantitatively assessed using
methodologies for field habitat collection outlined in the State’s Ambient Monitoring Manual
(Schuett-Hames et al. 1994), the U.S. Forest Service Stream Handbook, and the Watershed
Analysis Manual Version 3.0.  Sediment samples were collected in riffle crests in accordance to
the method of Schuett-Hames et al. (1994) using a McNeil core sampler, and analyzed by the
gravimetric method.  Temperature recordings were obtained by maximum thermometers, and
thermographs recording at 1 hour intervals from July through September, also in accordance to
the temperature monitoring methods of Schuett-Hames et al. (1994).  Scour information was
obtained using scour chains placed in suitable spawning area.  Substrate data were categorized
into six size classifications (based on the U.S. Forest Service Stream Handbook, 1991), and fre-
quency of occurrence calculated.  All visual observations of juvenile and adult fish were also
recorded during the surveys to verify DNR Water Type maps.

Any presence of salmonids was determined by surveys that were conducted utilizing methods
outlined in the Version 2.0 of the Standard Methodology for Conduction Watershed Analysis
(WFPB 1993). Other physical information collected in the surveys included habitat data, poten-
tial salmonid passage barriers, and evidence of recent disturbance (<20 years).  Streams classi-
fied as Type 4 and 5 by the DNR water type maps were selected with priority given to streams
on the basis of physical features that indicated a strong likelihood of salmonid presence (e.g.
drainage area >50 acres, gradients <20%, low basin elevation, or any combination of these),
although several streams beyond these parameters may also be surveyed at the discretion of the
survey team.  The basin areas selected were prompted by Watershed Analysis in other similar
stream basins.  Surveys are concentrated on visiting as many streams as possible over the three
month survey period of each year.  A total of 38 segments were surveyed.
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Landslide hazard assessments drew heavily from empirical data obtained by aerial photo analy-
sis.  The photo record spanned 34 years from 1958 to 1992 inclusive.

SURVEYS

Surveys are conducted during sampling seasons that are typically during July to October.  Survey
seasons were limited to this particular window of opportunity to allow for a better chance to
observe salmonids due to local salmonid life history cycles.  The elevation of stream reaches has
a bearing on the ability to observe salmonids.  In the Lester WAU, the elevation is relatively high
(1400-5400 feet) and resident salmonids or juvenile anadromous salmonids can be lodged deeply
within gravels and organic debris.  Typically, during colder air and water temperatures food
sources are not present for feeding, thus making any salmonid detection more difficult.  Also,
high flows often occurring outside the survey window likely contribute to difficult detection of
salmonids because they are either displaced downstream, under cover in inaccessible interstitial
space, or are difficult to see because of water turbidity.

The physical stream characteristics were determined from topographic maps and aerial photo-
graphs from 1958 through 1992 inclusive.  Where possible, these characteristics are verified in
the field utilizing the methods from the TFW Ambient Monitoring protocols (NWIFC, 1994) for
determining channel bankfull widths and wetted widths for calculating gradient.  Channel length
and bankfull width are measured by a hip-chain and tape measure, respectively.  Length and
width are typically measured to the nearest 1/10th meter.  Stream gradient is measured by a
hand-held clinometer at 25 meter stations and averaged, and pool depth is measured with a stadia
rod from the deepest part of the pool to the water surface. Gradient is measured to the nearest 1
percent and pool depth to the nearest 1/10th meter.  Flood plain connectivity is determined by
measuring the lineal meters of road adjacent to one or both sides of a stream segment, and
dividing by the length of the stream segment to generate a percent reduction in connectivity.
Width-to-depth ratio is calculated by dividing the bankfull width by the channel depth.  Road
density is obtained by measuring road lengths per stream sub-basin using a desktop GIS software
product.

METHODS OF ANALYSIS

Both the NFMS “Matrix of Pathways and Indicators” and the Washington State Watershed
Analysis “Indices of Resource Conditions” compare observed stream habitat conditions to a
standard numerical or narrative descriptions.  Both systems group the observed habitat quality or
quantity into three broad categories.  The WFPB uses “poor”, “fair”, and “good” while the
NMFS uses “Not Properly Functioning”, “At Risk”, and “Properly Functioning”.  As both sys-
tems use three tiers of habitat condition, one can compare the narrative rating of equivalent or
roughly equivalent habitat parameters.  For the purposes of this report, “poor” was considered
equivalent to “not Properly Functioning” and “good” comparable to “Properly Functioning”.  As
several of the Washington State “Indices of Resource Conditions” metrics are similar to those of
the NMFS “Matrix of Pathways and Indicators”, both were listed for the purpose of comparing
methods.

Several habitat parameters of the NMFS Matrix of Pathways do not contain threshold criteria in
which to determine a habitat condition.  For example, “Holding Pools” by the WFPB definition,
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synonymous with “Pool Quality” by the NMFS matrix, define respective ratings of “Good” and
“Properly Functioning” as having “sufficient” pools >1m deep.  Terms such as “sufficient”,
“few”, and “most” do not have threshold criteria in which to base a determination of whether or
not it serves as functional habitat.  For this reason, criteria were developed for the parameters
that lack thresholds based on best professional judgement based on knowledge of life history
requirements of salmonids utilizing these WAUs.  Data, as available, were also used to support
these determinations.  The following criteria were developed for these habitat parameters:

RIPARIAN CONDITIONS

Riparian habitat conditions were used to assess potential sources of riparian wood recruitment,
which is used in conjunction with the NMFS parameter of “LWD Quantity” and are described
previously in this chapter.

The frequency of deep (>1m) holding pools, flood plain connectivity, off-channel habitats, con-
dition of spawning gravels habitat criteria were all discussed previoulsy in this chapter.

After assessing the quality of salmon habitat for four previously mentioned salmon species, the
results are compared to the critical input variables for each life history stage to determine the
habitat factors that potentially limit natural salmon production in the Sunday Creek and Upper
Green River WAUs.

INFORMATION SOURCES

Information is collected from various sources:  USFS stream surveys; Tacoma Public Utilities
(TPU)  stream flow data, water quality, and anecdotal information; the United States Geological
Survey (USGS), the Washington Department of Natural Resources (DNR), the US Army Corps
of Engineers (Corps), Washington Department of  Fish and Wildlife (WDFW), aerial photos ,
and the U.S. Fish and Wildlife Service (USFW&S).  Field surveys conducted by the fish, chan-
nel, and riparian module teams provide the required information not previously collected or
available.  Fish distribution data for salmonid species was provided by the WDFW Washington
Rivers Information System (WARIS), WDFW Priority Habitat and Species list, Washington
State Salmon and Steelhead Stock Index (SASSI) (WDFW and WWTIT 1994), and was supple-
mented by field observations by fisheries biologists.

LESTER WAU

The Lester WAU is situated on the west side of the central Cascade Mountains divide, approxi-
mately 16 miles (26 km) south of Snoqualmie Pass along Interstate 90 and entirely within King
County, Washington. The Green River is the largest water body within the Lester WAUs.

The base elevation of the Lester WAU is approximately 1,400 feet (425 meters) at the conflu-
ence with the Green River.  The basins rise to the top of the Cascade divide with an average
basin elevation of 5,400 ft (1,646m).  Approximately 8 miles (13 kilometers (km)) downstream
of the lower WAU boundary, the Green River discharges into Howard Hanson Reservoir, a flood
control reservoir operated by the Army Corps of Engineers.  Downstream of Howard Hanson
Dam (HHD) (at RM 64.5) the Green River flows past the Tacoma Headworks Dam (at RM 61)
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and enters the Green River Gorge and flows west and eventually flows through the City of
Auburn where it turns north and flows through the lower Green River valley and into Elliott Bay
near West Seattle.  The details of habitat downstream of HHD are contained elsewhere in this
report.

SALMONID DISTRIBUTION

The known freshwater distribution of anadromous salmonids is depicted in the report Appendix.
There is no historical information concerning salmonid species distribution or abundance in the
Lester WAU.  However, there is substantial anecdotal information that implies anadromous fish
migrated upstream of the Tacoma Headworks Project prior to its completion in 1911. Ana-
dromous fish access into the Lester WAU seems likely, since there are no natural or anthropo-
genic passage barriers located on the mainstem Green River downstream of the WAU.
Historically, adult salmonids were documented at the Tacoma Headworks Diversion Dam
(Grette and Salo, 1986), and adults have been documented upstream of the diversion dam site
(Riseland, 1913).

Currently, the salmonid species inhabiting the Lester WAU include hatchery releases of fed fry
of summer/fall chinook salmon (Oncorhynchus tshawytscha), coho salmon (O. kisutch), a com-
bination of hatchery and natural production of resident and anadromous (steelhead) rainbow trout
(O. mykiss), and natural populations of cutthroat trout (O. clarki), and mountain whitefish
(Prosopium williamsonni).  Currently, only anadromous steelhead adults are passed upstream of
the Tacoma Headworks Project and HHD.  Spawning steelhead adults have been observed in the
Green River as far upstream as RM 83.5 but they have not been observed in the Lester WAU.
The release locations of juvenile steelhead, chinook and coho salmon into the Lester WAU are
depicted in Appendix B.  Mountain whitefish, cutthroat and resident rainbow trout are known to
inhabit the primary tributaries.  As of the date of this report there are no reported observations of
bull trout (Salvalinus confluentus) within the Lester WAU.

There are known resident trout populations in the Lester WAU that include rainbow and cut-
throat.  These species have a wide distribution, but since no formal inventory has been done, an
exact distribution and abundance estimate cannot be determined.  Adfluvial trout populations
have been observed throughout the lower portions of the Green River in the Lester WAU.  Resi-
dent trout are found in most of the major Lester WAU tributaries and extend into tributaries clas-
sified as "Type 3" waters.  Type 4 waters are also likely to contain resident trout populations
where the stream gradient is less than 14 percent.  Resident trout were found during electrofish-
ing surveys in several Type 4 streams during WSA sampling (Plum Creek 1996).  No resident
trout were found in streams with gradients in excess of 14 percent (Plum Creek 1996).

The mainstem Green River and all the primary tributary channels support resident rainbow
and/or cutthroat trout.  While not demonstrated, it is likely that hybridization between the two
species has occurred (T. Cropp, WDFW, pers. comm.).  Trout in reaches of isolated high-gradi-
ent streams are often segregated from other strains by passage barriers, although dispersal by
downstream migration frequently occurs.  The mainstem Green River, supports a population of
cutthroat trout that attain lengths of 20 inches (T. Cropp, pers. comm.).  These large and mature
fish may represent a stock of adfluvial cutthroat that have matured in the reservoir and ascend the
streams to spawn.  Spawning activity of the adfluvial strains of trout are believed to occur pri-
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marily in the mainstem Green River and in the lower reaches of the accessible tributaries
(Wunderlich and Toal, 1992).  The stream rearing habitat requirements for resident trout are
similar to those of steelhead.  As with all species of salmonids using the WAU, relatively shal-
low, channel margin and pool habitat is important during the earliest stages of life soon after
incubation.

FISH HABITAT CONDITIONS

In the Lester WAU Watershed Analyses (WSA), a total of forty-six (46) segments were sampled
and surveyed.  Anecdotal evidence was noted between sample reaches to obtain inferences on
channel character and habitat condition and whether or not the segment was representative of the
surveyed.  In those 46 segments, a total of 24,739 feet of channel were quantitatively surveyed.
The length of sample reaches varied, but a minimum of 328 feet (100 meters) was surveyed.
Field evaluations were completed during May thru August 1994.

The Lester WSA did not classify segments by salmon species as was done in the Green River
and Sunday Creek WSA.  Rather, metrics were repotred by stream segment as shown in Table
Lester-1.
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Table Lester 1: Pool Habitat in the Lester WAU (Source: Toth 1996)

Segment Pools (% of channel area) Pool Frequency* Mean residual pool depth

2 22 1.2 17.6
5 10 1.3 12.9
B1 14 4.5 9.7
B5 26 2.8 7.4
C1 14 4.5 11.2
C2 18 1.3 13.1
C3 22 1.2 12.0
C9 10 2.1 11.5
D1 25 7.3 14.5
D1a 44 3.6 13.2
D6 37 1.5 10.3
E1 11 2.3 8.5
E14 29 1.1 8.0
E18 33 2.2 12.1
E3 44 0.9 12.6
H1 30 0.8 13.2
H2 17 1.9 0.5
E1H38 47 0.5 10.5
H6 29 1.0 12.3
H6A 42 0.8 23.0
I18 0
I19 35 2.7 8.0
I2 8 2.1 0.9
I20 34 2.1 9.9
I3 30 0.7 11.6
I6 26 1.8 1.2
I7 24 1.4 1.0
I8 6 5.8 0.9
K2 29 4.7 1.2
K2A 25 1.4 14.1

The field metrics identified in the NMFS “Matrix of Pathways” were quantified for habitats util-
ized by each species.

The following discussion relates the existing quality of habitat in the upper Green and Sunday
Creek WAUs for each species to their respective life history requirements.  This is accomplished
by evaluating the effects associated with each respective critical input variable, which often dic-
tates habitat quality.
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FALL CHINOOK

Information was reviewed from six survey reaches that covered 1,118 meters of stream channel.
These six survey reaches represent 18.3 percent of the presumed fall chinook habitat available in
the Green River and Sunday Creek WAUs as identified by the Army Corps of Engineers (1998).
Overall, the quality of fall chinook habitat is rated as “Not Properly Functioning”.  The key
parameters examined are identified in Table Lester-2.

Table Lester 2: Examined Key Habitat Parameters for Fall Chinook
Reaches in the Green River and Sunday Creek WAUs
Parameter Minimum Maximum Mean SD N=
Survey Reach Length (m) 100 218 186 43.0 6
BFW (m) 5.3 20.9 11.2 5.3 6
Bankfull Depth (m) 0.40 0.6 0.5 0.1 6
Gradient (%) 1.5 3.0 2.4 0.7 6
Elevation (m) 558 607 588 18.7 6
Pools/mile 22.2 80.5 41.7 27.1 6
Holding Pools/mile 0 48.3 18.7 16.7 6
Percent of all pools that are holding/pools per mile 0% 67 43.6 26.5 6
Off-channel Habitat 0 45 11.7 16.9 6
Riparian Species 1=conifer, 2=deciduous 1 2 1.7 0.52 6
Riparian Age 1=old, 2=mature, 3=young 2 3 2.7 0.52 6
Riparian density: 1=dense, 2=sparse 1 2 1.2 0.41 6
Percent wood cover in pools 0-5% 5-10% 4.5% 2.7% 5
Width/depth ratio 13.3 37.3 21.2 8.4 6
Occurrence of sand, silt, clay (%) 0 25 4.17 10.21 6
Occurrence of gravel, cobble (%) 10 90 57.38 32.37 6
Occurrence of boulder/bedrock (%) 0 90 38.00 36.46 6
Anadromous Spawning Area (%) 0 2 0.67 0.82 6
Percent fines 16 16 16 0 1
Temperature (F) 62.24 62.24 62.24 0 1
Canopy Closure (%) 0% 78% 16.2% 30.9% 6
Min. shade requirement (%)* 47% 51% 48.5% 1.5% 6
NMFS wood pieces/mile 0 29.5 4.92 12.06 6
* Source: WFPB 1998.

RIPARIAN HABITAT

Watershed Analysis found that the bulk of the riparian habitats in the Green River and Sunday
Creek WAUs are generally dense, but young deciduous trees.  This condition is insufficient as a
new LWD supply to the stream channel and hence maintain or improve the associated habitat
forming processes.  This situation will likely not ameliorate until the riparian stands reach a size
and age that would allow for sufficient size and number to restore instream LWD loadings to a
more natural level.  The riparian condition is currently considered to be “Not Properly Func-
tioning” for fall chinook in four of the six reaches surveyed and “At Risk” in the remaining two.
These ratings are due to: (1) the deciduous component of trees that dominate the assessed ripar-
ian reaches for fall chinook; and (2) the young age of the trees present in the riparian area.
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The young tree age and large deciduous component are likely directly responsible for the scarcity
of NMFS criteria LWD present in the stream channel.  The quantity of LWD within the fall chi-
nook reaches is insufficient to maintain many of the necessary habitat elements and habitat
forming elements.  Though pieces of wood are numerous, they are typically small.  Only four
pieces of wood were found that meet NMFS size criteria within the survey fall chinook reaches.
This represents only 7.1 percent of the 56 pieces needed to be considered “Properly Function-
ing”.  None of the reaches surveyed met NMFS criteria for wood quantity, nor are the channel
adjacent stands considered to be adequate to maintain LWD recruitment processes in the near
term.  Thus, for fall chinook this yields a “Not Properly Functioning” assessment.

SUBSTRATE

WSA indicates that spawning gravels are in short supply throughout the reaches examined.  Sur-
veys indicate that a mean of 0.76 percent of the total surveyed stream channel was observed to
contain potential suitable spawning substrate.  Three of the six reaches surveyed were dominated
by boulder/bedrock and the remaining three reaches were dominated by gravel/cobble with very
little gravel distributed in areas that were deemed useful for fall chinook spawning.  Overall, the
paucity of suitable spawning gravels in the reaches surveyed are a limiting factor for fall chinook
production and were rated as “Not Properly Functioning”.

Mass wasting and hillslope erosion was determined not to be a significant contributor to the
overall levels of fine sediment produced in the Green River and Sunday Creek WAUs.  Secon-
dary sediment erosion from mass wasting scarps generally was below the 50 percent of the natu-
ral background sediment input cutoff point for a moderate hazard rating designation.  There was
one exception, the Pioneer Creek subbasin, where the estimated sediment yield is 57 percent of
the background.

POOLS

Of the 24 reaches surveyed, the number of pools varied considerably.  Using pool frequencies as
calculated from the pool frequency regression curve, 16 of the 24 surveyed reaches do not meet
NMFS criteria for “Properly Functioning” for pool frequency.  When taken in the aggregate, the
streams had roughly the required number of pools required to meet MNFS criteria as “Properly
Functioning”.  Cumulatively, the surveyed reaches had 26 pools in fall chinook reaches where
28.4 were to be expected.  Two of the six reaches surveyed had more pools than required and
overly compensated for the other four reaches that had far fewer than the required number of
pools.  However, despite the number of pools present, all of the reaches, including those that met
NMFS pool criteria to be considered “Properly Functioning” are assigned an “At Risk” factor
because of the inadequacy of the riparian zone to recruit LWD into the stream channel to form
pools.

Approximately 44 percent of the pools surveyed met minimum depth requirements (>1 meter).
The ability of the pools to provide cover and holding areas is further reduced by the pool in-
water and overwater cover, again because of the lack of LWD.  Pool quality was deemed insuffi-
cient to provide suitable habitat for fall chinook as was assigned an “At Risk” rating.
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CHANNEL CONDITIONS

Reach specific and cumulative observations suggest that the stream channel has become shallow
and wide.  This may also be an influencing factor in decreased pool quality and adversely
impacts the ability of the available habitat to successfully hold adult and rear  juvenile salmonids.
The mean width:depth ratio was 21.22.  This indicates increased proportion of riffles and glides
that leads to reduced high flow refugia and available over-winter rearing habitats, an increased
water surface area exposed to solar radiation that in turn could lead to increased stream water
temperatures.  Additionally, the high width to depth ratio may influence fall chinook spawning
through decreases in wetted stream areas with acceptable depths for spawning fall chinook.  A
designation of “Not Properly Functioning” was assigned to stream channel conditions because of
the high width:depth ratio.

OFF-CHANNEL HABITAT

Six reaches were surveyed for the quantity of off-channel habitat.  Only one of these six reaches
was ranked as “Properly Functioning” with 45 percent of the off-channel habitat in this reach
skewed the mean value to 11.7 percent.  However, this single reach is not representative of the
other five stream reaches as noted by the high variability, which is illustrated by a standard
deviation of 16.9 percent.  Three of the six reaches are rated as “Not Properly Functioning” while
the others are rated as “At Risk”.  Overall, off-channel habitats are rated as “Not Properly Func-
tioning” again due to the scarceness of LWD and the off-channel habitat forming processes asso-
ciated with LWD.

WATER QUALITY

Water temperature was measured in one stream as 62.2 F, which would give a rating of “Not
Properly Functioning”.  A probable cause of elevated stream temperatures is that the mean can-
opy closure is only 24.0 percent while 41.3 percent canopy coverage is required to meet shade
standards (WFPB 1998) to avoid solar radiation and induced water temperature increases.

SPRING CHINOOK

Information was reviewed from twelve (12) survey reaches that covered 1,742 meters of stream
channel.  These twelve survey reaches represent 16.6 percent of the presumed spring chinook
habitat available in the Green River and Sunday Creek WAUs as identified by the Army Corps
of Engineers (1998).  The key parameters examined are identified in Table Lester-3.
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Table Lester-3: Examined Key Habitat Parameters for Spring Chinook Reaches
in the Green River and Sunday Creek WAUs
Parameter Minimum Maximum Mean SD N=
Survey Reach Length (m) 24 218 145 64.1 12
BFW (m) 4 21 10 438 12
Bankfull Depth (m) 0.4 1.5 1 0.4 12
Gradient (%) 1.5 5 2.5 0.4 12
Elevation (m) 558 723 635.4 58.4 12
Pools/mile 0 134.1 44.1 38.5 12
Holding Pools/mile 0 48.3 9.3 14.9 12
Percent of all pools that are holding/pools per mile 0% 67 26 30 10
Off-channel Habitat 0 45 1.3 16.2 9
Riparian Species 1=conifer, 2=deciduous 1 3 1.8 0.4 6
Riparian Age 1=old, 2=mature, 3=young 2 3 2.8 0.4 6
Riparian density: 1=dense, 2=sparse 1 2 1.2 0.4 6
Percent wood cover in pools 0.5% 5-10% 0-5% --- 9
Width/depth ratio 7.3 37.3 16.1 7.9 6
Occurrence of sand, silt, clay (%) 0 25 3.0 7.6 6
Occurrence of gravel, cobble (%) 10 100 69.1 30.4 6
Occurrence of boulder/bedrock (%) 0 90 27.80 32.4 6
Anadromous Spawning Area (%) 0 6 1.3 1.8 10
Percent fines 16 16 16 0 1
Temperature (F) 58.1 67.2 60.2 2.9 5
Canopy Closure (%) 0% 93% 20.7% 31.9% 12
Min. shade requirement (%)* 37% 51% 44.3% 5.1% 12
NMFS wood pieces/mile 0 257.6 27.3 73.8 12
* Source: WFPB 1998.

RIPARIAN HABITAT

Watershed Analysis found that the bulk of the riparian habitats that could be utilized by spring
chinook in the Green River and Sunday Creek WAUs are generally dense, but young deciduous
trees.  This condition is insufficient as a new LWD supply to the stream channel and hence
maintain or improve the associated habitat forming processes.  This situation will likely not
ameliorate until the riparian stands reach a size and age that would allow for sufficient size and
number to restore instream LWD loadings to a more natural level.  The riparian condition is cur-
rently considered to be “Not Properly Functioning” for spring chinook in ten of the twelve
reaches surveyed and “At Risk” in the remaining two.  These ratings are due to: (1) the decidu-
ous component of trees that dominate the assessed riparian reaches for fall chinook; and (2) the
young age of the trees present in the riparian area.

The young tree age and large deciduous component are likely directly responsible for the scarcity
of NMFS criteria LWD present in the stream channel.  The quantity of LWD within the spring
chinook reaches is insufficient to maintain many of the necessary habitat elements and habitat
forming elements.  None of the reaches surveyed met NMFS criteria for wood quantity, nor are
the channel adjacent stands considered to be adequate to maintain LWD recruitment processes in
the near term.  Thus, for spring chinook this yields a “Not Properly Functioning” assessment.
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SUBSTRATE

WSA indicates that spawning gravels are in short supply throughout the reaches examined.  Sur-
veys indicate that a mean of 1.3 percent of the total surveyed stream channel was observed to
contain potential suitable spawning substrate.  Individual reaches also reflected poor spawning
gravel quality.  Eleven of the twelve reaches were rated as “Not Properly Functioning” due to
inadequate area of spawnable gravels.  Boulder/bedrock was the dominant feature in four reaches
while gravel/cobble dominated the remaining eight.  The gravel/cobble reaches contained very
little gravel distributed in areas that could be utilized by spawning spring chinook.  Only one
reach (mainstem Green River at RM 86.4) that contained 6 percent spawning gravel was consid-
ered “At Risk”, the remaining reaches were all considered to be “Not Properly Functioning”.
Overall, the paucity of suitable spawning gravels in the reaches surveyed are a limiting factor for
spring chinook production and were rated as “Not Properly Functioning”.

Mass wasting and hillslope erosion was determined not to be a significant contributor to the
overall levels of fine sediment produced in the Green River and Sunday Creek WAUs.  Secon-
dary sediment erosion from mass wasting scarps generally was below the 50 percent of the natu-
ral background sediment input cutoff point for a moderate hazard rating designation.  There was
one exception, the Pioneer Creek subbasin, where the estimated sediment yield is 57 percent of
the background.

POOLS

Overall, the spring chinook reaches surveyed had 85 percent of the required number of pools to
meet NMFS as “Properly Functioning”.  However, the poor quality of the pools and the inade-
quate stream adjacent riparian reserves strongly suggest that a lower habitat quality rating be
assigned than consideration of pool frequency alone would suggest.

Of the twelve reaches surveyed, the number of pools varied considerably.  Using pool frequen-
cies as calculated from the pool frequency regression curve, nine of the twelve surveyed reaches
do not meet NMFS criteria for “Properly Functioning” for pool frequency.  When taken in the
aggregate, the streams had roughly the required number of pools required to meet MNFS criteria
as “Properly Functioning”.  Cumulatively, the surveyed reaches had 41 pools in spring chinook
reaches where 48 were to be expected.  Individually, nine of the twelve reaches had a pool deficit
and are rated as “Not Properly Functioning”.  However, on a system wide basis, these numerical
deficiencies were almost compensated by reaches containing more pools than required.  How-
ever, despite the number of pools present, all of the reaches, including those that met NMFS pool
criteria to be considered “Properly Functioning” are assigned an “At Risk” factor because of the
inadequacy of the riparian zone to recruit LWD into the stream channel to form pools.  Without
LWD inputs into the stream channel it should be expected that there will be a net decrease over
time of pool quality and pool numbers.

Approximately 26 percent of the pools surveyed met minimum depth requirements (>1 meter).
The ability of the pools to provide cover and holding areas is further reduced by the pool in-
water and overwater cover, again because of the lack of LWD.  Cover in all pools was consid-
ered poor, with a mean coverage in the 0-5 percent range.  Pool quality was deemed insufficient
to provide suitable habitat for spring chinook as was assigned an “At Risk” rating.
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CHANNEL CONDITIONS

Reach specific and cumulative observations suggest that the stream channel has become shallow
and wide.  This may also be an influencing factor in decreased pool quality and adversely
impacts the ability of the available habitat to successfully hold adult and rear  juvenile salmonids.
The mean width:depth ratio was 16.1.  This indicates increased proportion of riffles and glides
that leads to reduced high flow refugia and available over-winter rearing habitats, an increased
water surface area exposed to solar radiation that in turn could lead to increased stream water
temperatures.  Additionally, the high width to depth ratio may influence fall chinook spawning
through decreases in wetted stream areas with acceptable depths for spawning fall chinook.

Individually, two of the twelve surveyed reaches met the NMFS criteria to be defined as “Prop-
erly Functioning” while two were “At Risk” and the remaining eight were “Not Properly Func-
tioning”.

A designation of “Not Properly Functioning” was assigned to stream channel conditions because
of the high width:depth ratio.

OFF-CHANNEL HABITAT

Nine reaches were surveyed for the quantity of off-channel habitat.  Only two of these nine
reaches was ranked as “Properly Functioning”, three were ranked as “At Risk” and five at “Not
Properly Functioning”.  Two reaches with exceptionally large percentages of off-channel rearing
(45% and 32%) skewed the mean value to 11.3 percent.  However, this single reach is not repre-
sentative of the other five stream reaches as noted by the high variability, which is illustrated by
a standard deviation of 16.2 percent.  Overall, off-channel habitats are rated as “Not Properly
Functioning” again due to the scarceness of LWD and the off-channel habitat forming processes
associated with LWD.

WATER QUALITY

Water temperature was measured in one stream as 60.2 F, which would give a rating of “Not
Properly Functioning”.  A probable cause of elevated stream temperatures is that the mean can-
opy closure is only 20.7 percent while 44 percent canopy coverage is required to meet shade
standards (WFPB 1998) to avoid solar radiation and induced water temperature increases.

COHO

Information was reviewed from 24 reaches that were surveyed that were considered to support
coho salmon.  This represented an area covering 3,652 meters of stream channel and further rep-
resents approximately 17.8 percent of the presumed coho habitat in the Green River and Sunday
Creek WAUs.  Key parameters of the coho habitat survey are presented in Table Lester-4 below.
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 Lester-4: Examined Key Habitat Parameters for Coho Reaches in the
Green River and Sunday Creek WAUs
Parameter Minimum Maximum Mean SD N=
Survey Reach Length (m) 24 300 152.0 77.0 24
BFW (m) 4 38 13.2 8.3 24
Bankfull Depth (m) 0.37 2.5 0.98 0.66 24
Gradient (%) 1.0 6.0 2.6 1.4 24
Elevation (m) 529 723 612 59.7 24
Pools/mile 0 134.1 37.0 32.6 24
Holding Pools/mile 0 48.3 9.2 11.8 24
Percent of all pools that are holding/pools per mile 0 100 35 35 21
Off-channel Habitat 0 49 10.2 16.6 16
Riparian Species 1=conifer, 2=deciduous 1 2 1.8 0.4 23
Riparian Age 1=old, 2=mature, 3=young 2 3 2.9 0.3 23
Riparian density: 1=dense, 2=sparse 1 2 1.2 0.4 23
Percent wood cover in pools 0-5% 5-10% 0-5% 2.7 16
Width/depth ratio 6.0 37.3 15.2 6.6 24
Occurrence of sand, silt, clay (%) 0 25 3.2 7.6 24
Occurrence of gravel, cobble (%) 0 100 66.7 32.4 24
Occurrence of boulder/bedrock (%) 0 100 24.3 32.0 24
Anadromous Spawning Area (%) 0 13.0 2.1 3.1 21
Percent fines 6 16 11.0 7.1 2
Temperature (F) 57.2 62.24 59.1 2.0 5
Canopy Closure (%) 0 93 21.3 25.7 24
Min. shade requirement (%)* 20% 54 42.8 9.6 24
NMFS wood pieces/mile 0 257 30.2 65.7 24

* Source: WFPB 1998.

RIPARIAN HABITAT

Watershed Analysis found that the bulk of the riparian habitats that could be utilized by coho in
the Green River and Sunday Creek WAUs are generally dense, but consist of young deciduous
trees.  This condition is insufficient as a new LWD supply to the stream channel and hence
maintain or improve the associated habitat forming processes.  This situation will likely not
ameliorate until the riparian stands reach a size and age that would allow for sufficient size and
number to restore instream LWD loadings to a more natural level.  The riparian condition is cur-
rently considered to be “Not Properly Functioning” for coho in 20 of the 23 reaches surveyed
and “At Risk” in the remaining three.  These ratings are due to: (1) the deciduous component of
trees that dominate the assessed riparian reaches for fall chinook; and (2) the young age of the
trees present in the riparian area.  The condition of the riparian habitat is currently not sufficient
in the near term to provide suitable amounts and quality of LWD to the stream channel to main-
tain associated habitat and other ecological forming processes.  Without large coniferous trees
for recruitment and retention, the existing level of coho production should be expected to
decline.

The mean pieces of WSA size wood (>10 centimeters diameter, >2 meters length) per channel
width was 3.0.  A rating of good is assigned to stream channels with at least 2.0 pieces per chan-
nel width (WFPB 1997).  However, this good rating is strongly influenced by one reach in the
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mainstem Green River (RM85.8) where a segment long log jam contained an average of 34
pieces per channel width.  In the absence of this log jam, the number of wood pieces per channel
width over the surveyed habitat would be 1.7, yielding a rating of “Fair” under WSA standards.
This patchy distribution of wood in the stream channel is indicated by the standard deviation of
7.1 pieces per channel width.

WSA key pieces are also below the desired target numbers, averaging only 0.02 pieces per chan-
nel width.  This represents less than 10 percent of the target goal of 0.3 pieces per channel width.

When NMFS criteria are applied, only 56 pieces of wood were identified within the reaches sur-
veyed for coho salmon.  This represents only 31 percent of the target level of 181 pieces required
to be considered “Properly Functioning” by NMFS.  This yields an overall habitat rating as “Not
Properly Functioning”.

SUBSTRATE

WSA indicates that spawning gravels are in short supply and inadequate for adult coho salmon
spawning throughout the reaches examined.  Surveys indicate that a mean of 2.1 percent of the
total surveyed stream channel was observed to contain potential suitable spawning substrate
where the desired threshold is 10 percent.  Individual reaches also reflected poor spawning
gravel quality.  Twenty of the twenty-one reaches were rated as “Not Properly Functioning” due
to inadequate area of spawnable gravels. The gravel/cobble reaches category dominated (67%)
the reaches but contained very little gravel distributed in areas that could be utilized by spawning
coho.  Only one reach (mainstem Green River at RM 86.4) that contained 13 percent spawning
gravel was considered “Properly Functioning”, while the remaining reaches were all considered
to be “Not Properly Functioning”.  Overall, the paucity of suitable spawning gravels in the
reaches surveyed are a limiting factor for coho production and were rated as “Not Properly
Functioning”.

Mass wasting and hillslope erosion was determined not to be a significant contributor to the
overall levels of fine sediment produced in the Green River and Sunday Creek WAUs.  Secon-
dary sediment erosion from mass wasting scarps generally was below the 50 percent of the natu-
ral background sediment input cutoff point for a moderate hazard rating designation.  There was
one exception, the Pioneer Creek subbasin, where the estimated sediment yield is 57 percent of
the background.

Fine sediment sampled in two reaches was measured at 6 percent and 16 percent.  A mean of
fines of 11.0 percent is considered to be “Properly Functioning” (NMFS).

POOLS

Overall, the coho reaches surveyed had 81 percent of the required number of pools to meet
NMFS as “Properly Functioning”.  However, the poor quality of these pools and the inadequate
stream adjacent riparian reserves strongly suggest that a lower habitat quality rating be assigned
than consideration of pool frequency alone would suggest.
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Of the 24 reaches surveyed, the number of pools varied considerably.  Using pool frequencies as
calculated from the pool frequency regression curve, 16 of the 24 surveyed reaches do not meet
NMFS criteria for “Properly Functioning” for pool frequency.  When taken in the aggregate, the
streams had roughly the required number of pools required to meet MNFS criteria as “Properly
Functioning”.  Cumulatively, the surveyed reaches had 75 pools in coho reaches where 91 were
to be expected.  However, on a system wide basis, these numerical deficiencies were almost
compensated by reaches containing more pools than required.  However, despite the number of
pools present, all of the reaches, including those that met NMFS pool criteria to be considered
“Properly Functioning” are assigned an “At Risk” factor because of the inadequacy of the ripar-
ian zone to recruit LWD into the stream channel to form pools.  Without LWD inputs into the
stream channel it should be expected that there will be a net decrease over time of pool quality
and pool numbers.

Approximately 35 percent of the pools surveyed met minimum depth requirements (>1 meter).
The ability of the pools to provide cover and holding areas is further reduced by the pool in-
water and overwater cover, again because of the lack of LWD.  Cover in all pools was consid-
ered poor, with a mean coverage in the 0-5 percent range.  Pool quality was deemed insufficient
to provide suitable habitat for spring chinook as was assigned an “At Risk” rating.

CHANNEL CONDITIONS

Reach specific and cumulative observations suggest that the stream channel has become shallow
and wide.  This may also be an influencing factor in decreased pool quality and adversely
impacts the ability of the available habitat to successfully hold adult and rear  juvenile salmonids.
The mean width:depth ratio was 15.2.  This indicates increased proportion of riffles and glides
that leads to reduced high flow refugia and available over-winter rearing habitats, an increased
water surface area exposed to solar radiation that in turn could lead to increased stream water
temperatures.  Additionally, the high width to depth ratio may influence coho spawning through
decreases in wetted stream areas with acceptable depths for spawning coho.

Individually, three of the 24 surveyed reaches met the NMFS criteria to be defined as “Properly
Functioning” while five were “At Risk” and the remaining 18 were “Not Properly Functioning”.

A designation of “Not Properly Functioning” was assigned to stream channel conditions because
of the high width:depth ratio.

OFF-CHANNEL HABITAT

The quantity of off-channel habitat is cumulatively 10.2 percent of the total wetted area and is
considered to be “Properly Functioning”.  However, on an individual basis, only four of the 16
reaches surveyed achieve a rating of “Properly Functioning”.

WATER QUALITY

Water temperature as measured in five streams averaged 59.1 F giving an overall rating of “At
Risk”.  A probable cause of elevated stream temperatures is that the mean canopy closure is only
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20.5 percent while 42 percent canopy coverage is required to meet shade standards (WFPB
1998) to avoid solar radiation and induced water temperature increases.

STEELHEAD

Information was reviewed from 29 surveyed reaches that were considered to support steelhead.
This represented an area covering 4,352 meters of stream channel and further represents
approximately 20.3 percent of the presumed steelhead habitat in the Green River and Sunday
Creek WAUs.  Key parameters of the steelhead habitat survey are presented in Table Lester-5
below.

Table Lester-5: Examined Key Habitat Parameters for Steelhead Reaches in the Green
River and Sunday Creek WAUs
Parameter Minimum Maximum Mean SD N=
Survey Reach Length (m) 24 300 150.1 77.7 29
BFW (m) 4.0 38.0 13.0 7.8 29
Bankfull Depth (m) 0.4 2.5 1.1 0.7 29
Gradient (%) 1.0 11.0 3.0 2.0 29
Elevation (m) 529 838 635.7 78.1 29
Pools/mile 0 134.1 40 34.5 29
Holding Pools/mile 0 48.3 8.6 11.7 29
Percent of all pools that are holding/pools per mile 0 100 29 34 26
Off-channel Habitat 0 49 9.5 15.8 18
Riparian Species 1=conifer, 2=deciduous 1 2 1.8 0.4 28
Riparian Age 1=old, 2=mature, 3=young 2 3 2.9 0.3 28
Riparian density: 1=dense, 2=sparse 2 1 1.1 0.4 28
Percent wood cover in pools 0-5% 5-10% 0-5% N/A 18
Width/depth ratio 6.0 37.3 14.3 6.4 29
Occurrence of sand, silt, clay (%) 0 25 2.9 7.1 28
Occurrence of gravel, cobble (%) 0 100 61.5 33.5 28
Occurrence of boulder/bedrock (%) 0 100 34.2 36.3 28
Anadromous Spawning Area (%) 0 13 2 2.9 25
Percent fines 6 16 11.0 7.1 2
Temperature (F) 57.2 62.2 59.6 2.2 5
Canopy Closure (%) 0 93.0 24.0 25.3 29
Min. shade requirement (%)* 20 54 41.3 9.4 29
NMFS wood pieces/mile 0 257.6 26.6 60.3 29

* Source: WFPB 1998.

RIPARIAN HABITAT

Watershed Analysis found that the bulk of the riparian habitats that could be utilized by steel-
head in the Green River and Sunday Creek WAUs are generally dense, but consist of young
deciduous trees.  This condition is insufficient as a new LWD supply to the stream channel and
hence maintain or improve the associated habitat forming processes.  This situation will likely
not ameliorate until the riparian stands reach a size and age that would allow for sufficient size
and number to restore instream LWD loadings to a more natural level.  The riparian condition is
currently considered to be “Not Properly Functioning” for steelhead in 25 of the 28 reaches
surveyed and “At Risk” in the remaining three.  These ratings are due to: (1) the deciduous com-
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ponent of trees that dominate the assessed riparian reaches for steelhead; and (2) the young age
of the trees present in the riparian area.  The condition of the riparian habitat is currently not suf-
ficient in the near term to provide suitable amounts and quality of LWD to the stream channel to
maintain associated habitat and other ecological forming processes.  Without large coniferous
trees for recruitment and retention, the existing level of steelhead production should be expected
to decline.

The mean pieces of WSA size wood (>10 centimeters diameter, >2 meters length) per channel
width was 2.8.  A rating of good is assigned to stream channels with at least 2.0 pieces per chan-
nel width (WFPB 1997).  However, this good rating is strongly influenced by one reach in the
mainstem Green River (RM85.8) where a segment long log jam contained an average of 34
pieces per channel width.  In the absence of this log jam, the number of wood pieces per channel
width over the surveyed habitat would be 1.7, yielding a rating of “Fair” under WSA standards.
This patchy distribution of wood in the stream channel is indicated by the standard deviation of
7.0 pieces per channel width.

WSA key pieces are also below the desired target numbers, averaging only 0.03 pieces per chan-
nel width.  This represents less than 20 percent of the target goal of 0.15 pieces per channel
width.

When NMFS criteria are applied, only 59 pieces of wood were identified within the reaches sur-
veyed for steelhead.  This represents only 27.3 percent of the target level of 216 pieces required
to be considered “Properly Functioning” by NMFS.  Individually, two of the 29 reaches met
NMFS wood requirement criteria.  However, due to the young deciduous conditions adjacent to
the stream channel, potential wood recruitment sources will be unable to maintain or improve the
necessary wood loadings.  This yields an overall habitat rating as “Not Properly Functioning”.

SUBSTRATE

WSA indicates that spawning gravels are in short supply and inadequate for adult steelhead
spawning throughout the reaches examined.  Surveys indicate that a mean of 2.0 percent of the
total surveyed stream channel was observed to contain potential suitable spawning substrate
where the desired threshold is 10 percent.  Individual reaches also reflected poor spawning
gravel quality.  Twenty-four of the twenty-five reaches were rated as “Not Properly Functioning”
due to inadequate area of spawnable gravels. The gravel/cobble reaches category dominated 17
of the 28 reaches (60.7%) but contained very little gravel distributed in areas that could be util-
ized by spawning steelhead.  Only one reach (mainstem Green River at RM 86.4) that contained
13 percent spawning gravel was considered “Properly Functioning”, while the remaining reaches
were all considered to be “Not Properly Functioning”.  Overall, the paucity of suitable spawning
gravels in the reaches surveyed are a limiting factor for steelhead production and were rated as
“Not Properly Functioning”.

Mass wasting and hillslope erosion was determined not to be a significant contributor to the
overall levels of fine sediment produced in the Green River and Sunday Creek WAUs.  Secon-
dary sediment erosion from mass wasting scarps generally was below the 50 percent of the natu-
ral background sediment input cutoff point for a moderate hazard rating designation.  There was
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one exception, the Pioneer Creek subbasin, where the estimated sediment yield is 57 percent of
the background.

POOLS

Overall, the steelhead reaches surveyed had more than the required number of pools to meet
NMFS as “Properly Functioning”.  However, the poor quality of these pools and the inadequate
stream adjacent riparian reserves strongly suggest that a lower habitat quality rating be assigned
than consideration of pool frequency alone would suggest.

Of the 29 reaches surveyed, the number of pools varied considerably.  Cumulatively, using pool
frequencies as calculated from the pool frequency regression curve, the reaches contained 98
pools and exceeded the NMFS requirement of 90 pools.  However, on an individual basis, 18 of
the 29 surveyed reaches do not meet NMFS criteria for “Properly Functioning” for pool fre-
quency and in fact would be considered as “Not Properly Functioning”.  However, on a system
wide basis, these numerical deficiencies were almost compensated by reaches containing more
pools than required.  Despite the number of pools present, all of the reaches, including those that
met NMFS pool criteria to be considered “Properly Functioning” are assigned an “At Risk” fac-
tor because of the inadequacy of the riparian zone to recruit LWD into the stream channel to
form pools.  Without LWD inputs into the stream channel it should be expected that there will be
a net decrease over time of pool quality and pool numbers.

Approximately 29 percent of the pools surveyed met minimum depth requirements (>1 meter).
The ability of the pools to provide cover and holding areas is further reduced by the pool in-
water and overwater cover, again because of the lack of LWD.  Cover in all pools was consid-
ered poor, with a mean coverage in the 0-5 percent range.  Pool quality was deemed insufficient
to provide suitable habitat for spring chinook as was assigned an “At Risk” rating.

CHANNEL CONDITIONS

Of the 29 surveyed reaches for steelhead, only five met the NMFS criteria for “Properly Func-
tioning”, eight can be described as “At Risk” and the remaining sixteen as “Not Properly Func-
tioning”.  Reach specific and cumulative observations suggest that the stream channel has
become shallow and wide.  This may also be an influencing factor in decreased pool quality and
adversely impacts the ability of the available habitat to successfully hold adult and rear juvenile
salmonids.  The mean width:depth ratio was 14.3, where a target of less than 10 is required to
meet favorable channel conditions.  This indicates increased proportion of riffles and glides that
leads to reduced high flow refugia and available over-winter rearing habitats, an increased water
surface area exposed to solar radiation that in turn could lead to increased stream water tem-
peratures.  Additionally, the high width to depth ratio may influence steelhead spawning through
decreases in wetted stream areas with acceptable depths for spawning steelhead.

A designation of “Not Properly Functioning” was assigned to stream channel conditions because
of the high width:depth ratio.
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OFF-CHANNEL HABITAT

The quantity of off-channel habitat is cumulatively 9.5 percent of the total wetted area and is
considered to be “At Risk”.  However, on an individual basis, only four of the 18 reaches sur-
veyed achieve a rating of “Properly Functioning”.  Therefore, natural production of steelhead is
considered to be limited by the lack of off-channel rearing opportunities in the Green River and
Sunday Creek WAUs.

WATER QUALITY

Water temperature as measured in five streams averaged 59.6 F giving an overall rating of “At
Risk” for juvenile steelhead rearing and adult summer steelhead that might be migrating, holding
or spawning in these reaches.  A probable cause of elevated stream temperatures is that the mean
canopy closure is only 24.0 percent while 41.3 percent canopy coverage is required to meet
shade standards (WFPB 1998) to avoid solar radiation and induced water temperature increases.

SUBSTRATE

The quality of spawning habitat is dictated by the abundance of spawnable gravels, adjacent
cover, and riparian shade.  This is in turn affected by coarse and fine sediment, large wood,
riparian vegetation, and flow.  Spawning gravel is considered to be “Not Properly Functioning”
for any of the salmon species present.  A number of factors could be contributing to this alone or
collectively.  This could be a result influenced by the lack of LWD that serves to trap gravels,
which is at levels considered to be “Not Properly Functioning” (NMFS) or poor (WFPB).  Also,
the cover component in pools, important for salmonid spawning may also be limiting due to is
present rating of “poor” (WFPB).  Furthermore, the stream temperatures for spawning is consid-
ered to be “At Risk” (NMFS) for all species except fall chinook, in which this condition is con-
sidered to be “Not Properly Functioning” (NMFS).  The influence of the riparian area is likely to
contribute to the lack of large wood, elevated stream temperatures, and lack of cover.  The
riparian condition is considered to be “Not Properly Functioning” (NMFS) for all the aforemen-
tioned salmon species.

Fine sediment is considered to be “At Risk” for coho and steelhead.  Fine sediment can inhibit
redd excavation and incubation, as noted previously.  Fine sediment does not currently limit fall
and spring chinook spawning, in which this metric is considered to be Properly Functioning
(NMFS).

Mass wasting and hillslope erosion was determined not to be a significant contributor to the
overall levels of fine sediment produced in the Green River and Sunday Creek WAUs.  Secon-
dary sediment erosion from mass wasting scarps generally was below the 50 percent of the natu-
ral background sediment input cutoff point for a moderate hazard rating designation.  There was
one exception, the Pioneer Creek subbasin, where the estimated sediment yield is 57 percent of
the background.
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SUMMARY

In summary, anadromous salmonid spawning habitat is limited by 1) the lack of suitable spawn-
ing gravels, 2) elevated stream temperatures, and 3) the lack of cover in pools.  These compo-
nents are influenced by the loss of LWD, which is lacking in the system, a poor riparian
condition, which is also “Not Properly Functioning” condition, and fine sediment for coho and
steelhead spawning habitat, which is considered to be “At Risk”.

Summer rearing habitat requires the use of large deep pools and off-channel areas that provide
adequate water flow, ample cover, cool water temperatures, optimal feeding opportunities, inter-
and intra- species interaction, and opportunities, depending on needs, to hold in slow or fast
moving water.  The factors that influence summer-rearing habitat are channel form, gradient,
small and large in-stream wood, canopy closure, and food input. Riparian vegetation and in-
stream wood provide cover and channel complexity during this phase.  Pool area and pool qual-
ity, large wood, cover in pools, and riparian vegetation are considered to be “Not Properly
Functioning” for coho, steelhead, fall and spring chinook, and thus are likely to limit summer
rearing opportunities and success.

Winter rearing areas provide stable and non-turbid stream flow during storm events.  This habitat
also must provide adequate flow, cover, and temperatures that facilitate metabolic conservation.
The majority of the confined streams in the Upper Green River and Sunday Creek WAUs have
only limited ability to form off-channel and wetland areas due to their confinement by road and
railway grades.  In the absence of side channels, salmonids typically are forced to over-winter in
the substrate and under the protection of wood.  Off-channel habitat is in short supply for coho
and steelhead, and considered to be “At Risk”; however, this habitat is considered to be “Prop-
erly Functioning” for fall and spring chinook (NMFS).

The “At Risk” condition of winter-rearing habitat for coho and steelhead in the upper Green and
Sunday Creek WAUs is likely caused by several factors.  When LWD abundance is compared to
NMFS criteria the large logs that contribute to off-channel habitat formation are in short supply
and thus are likely to limit winter rearing. The riparian canopy, which helps to maintain ambient
stream temperatures at night, is also in a “Not Properly Functioning” condition (NMFS).   Inter-
stitial substrate is adversely affected by overloading the stream with fine sediment, as indicated
by the “At Risk” rating for fine sediment (NMFS), which reduces the available winter rearing
habitat.

To summarize, winter-rearing habitat is limited for coho and steelhead in the Green and Sunday
Creek WAUs.  The lack of LWD is likely a limiting factor that contributes to the formation of
these habitats.  The quality of winter-rearing habitat is also reduced by the inadequate riparian
condition, the elevated levels of fine sediment, and the lack of cover in pools.

Cover is an important component for juvenile salmonid migration, as is a normal temperature
regime.   LWD, which helps to provide cover to protect salmonids from predators, direct sun-
light, and high water temperatures, is in short supply for all the species considered in this analy-
sis (NMFS).  The riparian vegetation, which provides shade and cover to the stream, is also
considered to be lacking (NMFS).  The elevated stream temperatures for migration, considered
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to be “At Risk”, are an indication that the riparian canopy is insufficient to provide the necessary
habitat for this life history.

To summarize, the paucity of LWD necessary for adequate cover, lack of suitable riparian areas
to product shade, and the elevated stream temperatures may be factors that limit successful juve-
nile salmonid migration in the Upper Green and Sunday Creek WAUs.

KEY FINDINGS

• The Watershed Analysis indicates the riparian habitat is insufficient in the near term to meet
the needs of habitat forming processes throughout the study area.

DATA GAPS

• Comprehensive barrier surveys need to be completed in this subbasin.

IDENTIFIED LIMITING FACTORS TO NATURAL SALMONID PRODUCTION

• LWD, low gravel sediment levels, canopy cover, the poor riparian habitat zone and pool
quantity and quality are all considered limiting factors to natural salmonid production in the
study area.
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